Abstract. Recycling of metals from used button cell battery was explored. The culture supernatant of Aspergillus niger was used for leaching of metals. The 100% leaching of zinc (Zn) and silver (Ag) was obtained in 6 hours. The use of only culture supernatant supported the indirect leaching process. The organic acid produced by fungi acts as lixiviant aiding the metal leaching.
Introduction
The button cell batteries are widely used for their long operating life, small size and high capacity per unit mass in electronic devices such as wrist watches, calculators, toys, hearing aids, medical devices, etc. [1] . The quartz watch industries use silver oxide button cells for their products, and although this button cell constitutes only 3% of the battery market, nearly 1000 million of used button cells are generated annually in India and offer scope for a recovery of around 25 t of silver [2] . Worldwide 15 billion primary batteries are thrown away every year, all of which end up in landfill sites. Currently, only a very small percentage of about 2% of consumer disposable batteries are recycled [3] .
Recycling such batteries is important as their disposal generates serious environmental problems due to the presence of heavy metals. Although these batteries are hazardous when disposed of in nature, they are rich repositories of valuable metals. Thus, recycling of such waste batteries is advantageous not only to protect the environment but also to recover valuable metals. Conventional techniques viz., pyro and hydrometallurgy are fast and efficient, while require high energy and emit toxic gasses and chemicals and cause secondary pollution [4] . Hence there is a need to find an alternate environmentally friendly process to recycle waste button cell batteries. Bioleaching is a process that uses microorganisms to recover the metals. It reduces the energy and material consumption which makes the process eco-friendly [5] [6] [7] . Aspergillus niger was used to leach metals from button cell batteries. A. niger was selected since fungi are more advantageous as compared to bacteria for bioleaching process. For industrial applications, bioleaching by spent culture is believed to be desirable to increase leaching efficiency [8] .
Experimental Analysis
The spent button cell batteries were obtained from local market. The powder (containing Ag, Zn, and Hg) was collected by manually dismantling spent button cell battery. Obtained powder was dried in an oven at 60 °C and used for metal bioleaching experiments. The spent button cell battery powder was digested with aqua-regia to fully leach the metals. The digestion solution was then filtered through a 0.45 µm membrane filter and diluted using deionized water. Inductively coupled plasma-optical emission spectrometry (ICP-OES, PerkinElmer) was applied to determine various metals present in the digestion solution. The metal content of the spent button cell battery powder is shown in Table 1 .
Sucrose medium was used for the growth of A. niger. The medium contains the following substances per liter of glass-distilled water: 100 g sucrose, 1.5 g NaNO3, 0.5 g KH2PO4, 0.025 g MgSO4.7H2O, 0.025 g KCl, and 1.6 g yeast extract. A. niger was grown in sucrose medium for 10 days at 120 rpm and 30 o C. Organic acid production by this fungus was studied previously [9] . It produced only citric acid using sucrose as a carbon source. Considering results of the previous study, the culture supernatant was collected in the present study after incubating The supernatant was then filtered through 0.22 µm filter. The cell-free culture supernatant was used for bioleaching studies.
The powder (0.10 g) from spent button cell batteries was added in 100 mL culture supernatant in a 250 mL flask. The flask was placed in a shaker incubator at 30 o C and 150 rpm for the leaching experiment. The samples were collected after each 2 h up to 8 h and sent to metal analysis. Figure 1 shows the pattern of metal leaching at different time intervals. In the first 4 h only 27% of Ag was leached while 64% of Zn was leached. The metal leaching increased with an increase in incubation time to up 6 h. Further incubation for 8 h showed the insignificant effect on metal leaching. Around 80 and 41% of leaching was observed for Zn and Ag respectively after 6 h incubation.
These results indicate that citric acid effectively solubilized Zn from spent button cell batteries. Researchers have reported that the citric acid played a key role in Zn recovery from Zn-Mn batteries [4] . These results are comparable with others, which required 50 [2] and 60 [1] minutes for dissolution of Ag. But in their studies, they used a high concentration of nitric acid. The results of present study are advantageous as compared to those, since A. niger culture supernatant contain citric acid which has less impact on the environment. 
Summary
In the present study, Zn and Ag from spent button cell batteries were leached. The findings indicated 100% leaching of Zn and Ag was achieved using A. niger culture supernatant in 6 h incubation period. These results suggest that an environmentally friendly process can be developed for leaching of metals from button cell batteries using A. niger culture supernatant.
